has been shown to affect the vascular resistance of the lung (7), heart (5), limb (5), skeletal muscle (11, 1 Z), and the pump-perfused kidney (4-6). The results of these studies indicate that vascular resistance varies as an inverse function of changes in plasma osmolarity. Xavar et al. (14) to draw the samples. Immediately after drawing these control samples, the syringe in the infusion pump containing 0.15 M KaGl was turned out of the system and the syringe containing the CCexperimental" hypertonic solution was turned into the system. The experimental solution was always infused at the same rate as that of the control. solution. After the renal blood flow had stabilized at a new level (or in the urea-infusion experiments, when RBF reached the maximum value), simultaneous arterial and renal venous samples were again drawn. The second pair of samples was drawn approximately 2-3 min after the first pair. The test solution was then turned off and the 0.15 M sodium chloride infusion was resumed, again at the same rate. When renal blood flow and urine flow had stabilized at the control level, usually after 10-20 min, the next pair of control samples was drawn and the procedure was repeated using another test solution.
Three series of experiments were carried out involving infusion of solutions of sodium chloride, dextrose, and urea. Five dogs were used in the sodium chloride series. Following the protocol outline above, solutions of 2.0 M, 1.5 M, 1.0 M, and 0.5 M sodium chloride were infused at 0.8 ml/min in order to increase the renal arterial osmolarity. However, to achieve a significant depression of arterial osmolarity, 0.075 M sodium chloride was infused at 3.8 ml/min following a control period during which 0.15 M sodium chloride was infused at 3.8 ml/min.
Six dogs were used in the dextrose group, four in the urea group. The concentrations of dextrose and urea used were 4.0 M, 3.0 M, 2.0 M, 1 .O M, and 0.15 M. The hypertonic solutions were infused at 0.8 ml/min, the hypotonic ones at 3.8 ml/min. During the control periods preceding the hypotonic dextrose and urea infusions, isotonic dextrose or urea was infused at 3.8 ml/mm.
Each dog received infusions of all concentrations of the compound being investigated.
A Technicon AutoAnalyzer system was used to determine plasma concentrations of sodium, potassium, and creatinine. To determine if the changes in RBF seen following infusions of the experimental solutions resulted from changes in rheologic properties of the blood, or if the effect was due to a change in the active resistance of the renal vascular bed, experiments were conducted in five dogs in which renal resistance was increased by infusion of 3.2 pg/min (free base) norepinephrine (Sigma) dissolved in 0.15 M sodium chloride.
When renal blood AOW had stabilized at a low level, the same concentration of norepinephrine was infused in hypertonic sodium chloride or dextrose solutions.
RESULTS
The range of osmolarity change produced by the infusions was from +56 to -34 mOsm/liter.
As can be seen in Fig. 1 , renal blood flow changed immediately following the start of the infusion of the experimental solution. Hypertonic dextrose and sodium chloride infusions resulted in increases in renal blood flow that continued for the duration of the infusion; when the infusion ended flow returned to the control level. The flow response to hypertonic urea infusion, typified by Figs 1 C and Data from all the sodium chloride, dextrose, and urea experiments are summarized in Figs. 4, 5, and 6, respectively. Plotted are the regressions relating percent change in renal plasma flow (solid line) and GFR (dashed line) to change in renal arterial plasma osmolarity.
The highly consistent nature of the relationship between changes in blood flow and changes in renal arterial plasma osmolarity is reflected by the high correlation coefficient for each of the renal plasma flow regressions.
The GFR responses were more variable, filtration rate occasionally decreasing in response to increases in renal arterial plasma osmolarity.
The question of whether the resistance changes produced by changes in renal arterial plasma osmolarity were due to red cell or vessel wall dehydration or alterations in red cell rigidity, or whether they were due to relaxation of vascular smooth muscle cells was investigated in five experiments in which 3.2 pg/min norepinephrine were infused into the renal artery dissolved first in isotonic sodium chloride then in hypertonic sodium chloride or dextrose solutions. Figure  7 shows two experiments typical of this group. Renal resistance was increased to near maximal levels by infusion of this amount of norepinephrine in isotonic solution. However, in all experiments renal blood flow greatly increased imme- Control values for renal plasma flow (RPF) and glomerular filtration rate (GFR) given in figure are ml/min. Slope b and correlation coefficient r are given for each regression. Arrow points to position of a GFR point beyond limit ofy axis drawn in figure. Coordinates of point are given in parentheses.
diately in response to norepinephrine in hypertonic solution infused and stabilized near the control level. The magnitude of the blood flow response suggests the hypertonic infusions produced relaxation of the smooth muscle cells of the resistance vessels of the kidney. Fig. 4 . Arrows point to positions of GFR (+) and RPF (@) points beyond limits ofy axis drawn in figure. Coordinates of points are given adjacent to arrows.
ously using the extraction-ratio method and the clearance method. The periods were 10 min in length. The agreedent observed between the results of the two methods is adequate to permit use of the extraction-ratio technique in experiments such as those described herein in which absolute values are not of prime importance. Infusions were stopped at arrows labeled off. Abbreviations are same as in Fig. 1 .
DISCUSSION
These experiments were designed to quantitate the effects of small acute changes in renal arterial plasma osmolarity on renal blood flow and GFR without involving any extra renal system. To this end, osmolarity was changed by close arterial infusion of small volumes of hypertonic or hypotonic solutions for short durations (less than 3 min). The short duration of the infusions necessitated estimating GFR by the creatinine extraction-ratio technique which was found to be reliable when compared with simultaneously obtained clearance data collected over IO-min periods when the kidney was in the steady state ( Changes in renal arterial plasma osmolarity were calculated rather than measured, because in most dogs the left renal artery was not long enough to permit placement of the flow probe, the infusion needle, and a sampling needle. Calculation of changes undoubtedly produced more accurate data than would have been provided using measured renal vein osmolarities to approximate renal arterial osmolarities since infusions of the hypertonic solutions caused a marked diuresis (Fig. 1) . The accuracy of the calculation of renal arterial plasma osmolarity depended on the precision of three measurements:
rate of infusion, concentration of infusate, and renal plasma flow. The first two were easily determined in a direct manner, Renal plasma flow was obtained from the Aowmeter measurements of renal blood flow and the hernatocrit.
Care was taken to be sure the Aowmeter gave accurate readings; after each experiment, the renal artery was cannulated distal to the flow probe, and the flowmeter was calibrated in situ. The responses of renal blood flow and GFR to changes in renal arterial plasma osmolarity of less than 5 mOsm/liter both above and below control plasma levels and the highly consistent nature of the renal blood flow response suggest that osmolarity may be a factor influencing renal hemodynamics under normal and pathological conditions. Vigorous muscular exercise has been shown to produce changes in plasma osmolarity within the range studied in these experiments (10); it is likely that heat stress and a number of pathological conditions affecting sodium and water metabolism also produce changes in plasma osmolarity large enough to ajffect renal hemodynamics.
Renal resistance changed immediately after the start of hypertonic or hypotonic infusions, indicating that an intrarenal mechanism was affecting the resistance. The promptness of the response also tends to rule out the involvement of an intratubular mechanism. The magnitude of the blood flow response to hypertonic infusion during norepinephrine infusion (Fig. 7) 
